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GENERAL INTRODUCTION 
The development of soybean cultivars in North America by hybridization, inbreeding, 
and selection began in the 1930's (Specht and Williams, 1984). Genetic improvements 
are responsible for at least 50% of the total soybean yield gains since about 1930 (Duvick, 
1984). Almost all cultivars are developed currently by selection for high yield within elite 
X elite parent crosses. Several workers have reported that the ancestry of North American 
soybean cultivars traces to only a few parents (Delannay et al., 1983; Gizlice et al., 1994). 
Intense selection for yield within a narrow genetic base may have resulted in a decrease in 
genetic variability that may limit future response to selection (Johnson and Bemard, 1963). 
The introgression of exotic germplasm into soybean breeding programs reduces 
dependence on the narrow genetic base and may increase the genetic variability available 
for selection (Fehr, 1976; 1987). The past studies on the utilization of plant introductions 
(Pis) in breeding populations indicated that Pis, although inferior in yield to adapted 
parents, increase the genetic variability for seed yield (Thome and Fehr, 1970; Hartwig, 
1973). To determine the value of Pis for long-term yield improvement, the genetic gain 
from recurrent selection within populations with PI germplasm should be evaluated. 
Five soybean populations with different percentages of PI parentage were developed 
at Iowa State University to study the effect of PI germplasm on genetic gain for seed yield. 
APIO had 100% PI parentage, APll had 75%, AP12 had 50%, AP13 had 25%, and API4 
had 0%. In the cycle 0 (CO), the populations with PI parentage, APIO to API3, had twice 
the amount of genetic variability and a lower mean yield than AP14 (Velio et al., 1984). 
Recurrent selection was initiated in APIO to AP14 in 1979. In each selection cycle. 
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200 F4.5 lines were evaluated for seed yield at two locations in Iowa with two replications 
of single hill-plots per location. After the first year of yield evaluation, the 60 highest-
yielding lines were chosen for a second year of yield testing in two-row plots at three Iowa 
locations with two replications per location. Twenty of the 60 lines were chosen on the 
basis of their maturity and seed yield in the second year of evaluation to be parents of the 
next cycle of selection. The parents of each cycle were evenly distributed in maturity 
between 'Corsoy 79' and 'Pella 86'. 
The 20 parents of each population were mated in a partial diallel in Puerto Rico to 
obtain 60 crosses. Fj plants were grown in Puerto Rico and F, plants were grown in 
Ames, lA. At least 200 Fj plants of each population with maturity between 'Corsoy 79' 
and 'Pella 86' were harvested individually. The F3 and F^ progeny of each Fj plant were 
grown in Puerto Rico to obtain 200 F^-derived lines of each population. Each of the 60 
crosses of a population were as equally represented as possible in the 200 lines that were 
tested. 
The objectives of my study were to evaluate (a) genetic gain for seed yield in the 
cycle 1 (CI), cycle 2 (C2) and cycle 3 (C3) of API0 to API4 and (b) the mean seed yield 
and genetic variability in CI, C2, C3, and cycle 4 (C4) of the five populations. 
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LITERATURE REVIEW 
The goal of breeding programs for autogamous species is the development of superior 
lines for release as pure-line cultivars. The development of soybean {Glycine max (L.) 
Merr.) cultivars in North America began approximately 70 years ago (St. Martin, 1982; 
Specht and Williams, 1984; Fehr, 1987). Selection, hybridization and testing of desirable 
plants from a segregating population has been employed to identify superior genotypes for 
release as cultivars. Crosses are made among the cultivars and elite lines to form new 
populations for selection. By 1984 yields of soybean and most other crops had been raised 
by at least 20% compared with the parents used for the initiation of hybridization and 
selection (Fehr, 1984). 
Luedders (1977) compared present cultivars representing several cycles of 
improvement to the original soybean cultivars that were used as parents to initiate soybean 
hybridization and selection. The original parents were plant introductions (Pis) from Asia 
that form the germplasm base of North American soybean cultivars. He found that the 
most recent cultivars had approximately 46% more yield than the Pis. A similar study 
conducted by Wilcox et al. (1979) reported 25% genetic advance since the begiiming of 
hybridization and selection. Specht and Williams (1984) reported that during the 1940's, 
a one-time yield increase of 15 to 25% in genetic yield potential was realized when 
cultivars derived from Pis were replaced by cultivars from hybridization programs. The 
significant increases indicate that selection for increased yield has been effective. 
Although selection for high yield is the main objective of soybean breeding programs, 
the maintenance of adequate genetic variability also must be considered. Johnson and 
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Bernard (1963) suggested that intense selection for yield may lead to reduced genetic 
variability, which may limit genetic progress in later cycles of selection. St. Martin (1982) 
indicated that because soybean breeders use a relatively small effective population size (11 
to 15), genetic progress may have been made at the expense of the genetic variation 
originally available. He found that out of 27 cultivars studied, any two cultivars had at 
least one ancestor in common. 
Specht and Williams (1984) analyzed 136 soybean cultivars that were the result of 
hybridization between 1939 to 1981. About 88% of the germplasm was contributed by 12 
Pis. Gizlice et al. (1994) conducted a study to describe the genetic base of North American 
soybean cultivars released between 1947 and 1988. They found that about 75% of the genes 
in modem cultivars trace to 16 cultivars and one breeding line released before 1960, and 
that breeders have remained heavily dependent upon this early source of breeding material. 
Plant Introductions and Genetic Variability 
The introgression of Pis into plant breeding programs reduces the dependence on a 
narrow genetic base and increases the genetic variability available for the plant breeder. 
The main reasons for the use of Pis by plant breeders are (1) the need for increased genetic 
diversity as a safeguard against unpredictable biological and environmental hazards, (2) as 
a source of genes for specific traits such as disease, pest and stress resistance, and (3) as 
a source of favorable alleles for yield. 
Several studies on the utilization of Pis in breeding populations indicated that Pis 
increase the genetic variability for seed yield. Albrecht and Dudley (1987) conducted a 
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study to evaluate populations of maize (Zea mays L.) with different proportions of exotic 
germplasm. Four populations that had 100, 50, 25 and 0% exotic germplasm were derived 
from the Illinois Stiff Stalk Synthetic Composite (RSSSC; adapted to the central Com Belt) 
and the South African photoperiod insensitive composite 11 (PIC2; tropical origin). 
Backcrosses were made to RSSSC as the recurrent parent. Their results showed that the 
genetic variance components were 0.519 for RSSSC, 0.741 for BC,F2, 0.564 for F2, and 
0.430 for P1C2. Population means were 2.17 t ha'^ in RSSSC, 1.82 in BCiFj, 1.82 in F, 
and 1.13 in P1C2. Their study indicated that the highest genetic variance and predicted 
response to selection for grain yield was recorded in the BC,F2 population, which had 25% 
exotic germplasm. 
Bramel-Cox et al. (1986) evaluated the potential of three exotic strains of pearl millet 
(Pennisetum americanum (L.) Leeke) to improve grain yield and growth rate of cultivated 
millet. One strain, M-70-1 (AL), was collected from Tanzania, the strain P26081, (WEED), 
was a weedy accession collected from a farmers field in Niger, and the third strain was a 
wild relative (WILD) from Burkino Faso. Each strain was crossed to two adapted lines, 
J104 and MS81B and backcross populations were also formed. Their results indicated that 
all matings, except J104 x AL and J104 x WILD, had greater percentages of transgressive 
segregates for grain yield above the high parent than below the low parent in the BCQ and 
BCj populations. The percentage of transgressive segregates averaged 18% in matings 
involving WILD, 44% for WEED and 24% in AL. The source of germplasm with the 
most desirable agronomic traits was AL. 
Sweeney and St. Martin (1989) investigated whether germplasm strains differing in 
6 
geographic origin also differed in their potential to increase yield and genetic diversity in 
soybean. Twenty-four strains from each of four origin groups, modem North China 
(introduced since 1958), old North China (introduced before 1933), Europe, and Korea; 
were crossed to the male sterile tester line L74-01H, and eight strains per group were 
crossed to 'Zane'. All strains except one were Pis. Random and selected F,-derived lines 
were tested from each population. Their results indicated that in one out of three years of 
the test, there were significant differences among the four origin groups for seed yield and 
for an index based on maturity. The correlation between yield of the PI and yield of 
selected testcross lines was 0.49. This suggested that the performance of the PI per se is 
of value in predicting the potential for selecting superior lines from the PI x adapted cross. 
In the evaluation of random lines from the Zane testcross, lines derived from the old North 
China and Europe groups yielded more than those from modem North China and Korea by 
6 to 9%. The Korean group had on average the highest mean estimate of genetic variance 
for seed yield. 
Carpenter and Fehr (1986) investigated the genetic variability for desirable agronomic 
traits of soybean (Glycine max (L.) Merr.) in backcross populations containing different 
percentages of wild soybean (Glycine soja Sieb. et Zuch) germplasm. Their populations 
were formed by making crosses of two G. max cultivars, 'Amsoy 71' and 'Century', with 
two G. soja plant introductions, PI424001 and PI326581. They tested random lines from 
the BCQ to BCj populations and found that the percentage of segregates with agronomic 
ratings equal to the G. max parent was zero in BCQ and BCJ, 2% in BCJ, 22% in BC3, 
51% in BC4, and 65% in BC5. Their results indicated that at least three backcrosses to the 
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adapted parent were needed to recover a high frequency of agronomically acceptable 
segregates. Their results also indicated that genetic variances for most traits evaluated, 
including agronomic score, seed weight, and plant height, were high in the BCj and BC2 
populations. 
Lawrence and Frey (1975) made five backcross populations between Avena sativa 
and Avena sterilis. The objective of their study was to determine the variability for grain 
yield in oat species. The Fj and BC j to BC5 populations were tested for means and genetic 
variances. The highest genetic variances were recorded in the Fj and BC1F2 populations. 
They found transgressive segregates in the F2 and BCjF2 that yielded 20% more than the 
recurrent parent. Genetic variances remained significant but it decreased with an increase 
in the number of backcrosses. 
Thome and Fehr (1970) evaluated soybean populations firom single crosses of adapted 
X exotic parents and 3-way crosses of (adapted x exotic) x adapted parents for seed yield. 
They found that genetic variability and the firequency of high-yielding lines was greater in 
the 3-way crosses than in the single crosses. 
Schoener and Fehr (1979) studied the utilization of Pis in soybean breeding 
populations. They used five populations, API to APS. API had 100% PI, AP2 had 75%, 
AP3 had 50%, AP4 had 25%, and AP5 had 0% PI. They found that the population with 
50% PI had the greatest amount of genetic variability for seed yield. The highest yielding 
population was APS. Their study indicated that populations with some proportion of PI 
parentage had greater genetic variability than the population that did not involve any Pis. 
Velio et al. (1984) investigated the mean yields and genetic variability of five soybean 
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populations , API0 to API4, that had different percentages of PI parentage. AP10 to API4 
were developed by Fehr and Cianzio (1981) by intermating 40 Pis and 40 cultivars and 
experimental lines. APIO had 100% PI, APll had 75%, AP12 had 50%, AP13 had 25% 
and AP14 had 0%. They obtained genetic variance estimates of 6.5 x 10'^ for APIO, 5.5 
X 10"^ for APll, 6.0 X 10"^ for AP12, 7.3 x 10"* for APIS, and 3.1 x 10"^ for AP14. The 
genetic variances of populations that had PI parentage were almost twice that of API4, but 
their mean yield was significantly lower than that of API4. 
Response to Recurrent Selection 
Recurrent selection is a cyclic process of selection and recombination of superior 
plants or lines with the objective of improving the mean of the target population, as well 
as the best individuals within the population (Fehr, 1987). The purpose of a recurrent 
selection program is to increase the frequency of favorable alleles for a particular character 
in a population without a significant loss in genetic variability. 
In a recurrent selection program, changes in the mean performance occur through 
increases in the frequency of favorable alleles in the population. The effectiveness of a 
selection program is measured by estimating the response to selection. 
Eberhart (1964) proposed a regression model for estimating the rate of response to 
recurrent selection by regressing the mean performance of genotypes firom each cycle of 
selection on the cycle number. The linear regression coefficient from the model, which 
provides the rate of gain per cycle of selection, is estimated by using least squares 
regression analysis, as described by Steel and Torrie (1980). Another model also described 
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by Eberhart (1970, 1972) can be used to compare different methods of recurrent selection. 
Genetic gain is calculated as 
Gy = cka^ Vph 
where Gy is the genetic gain per year, 
c is an index of parental control, 
k is the selection differential in standard units, 
is the additive genetic variance among individuals or families, 
y is the number of years per cycle of selection, and 
CTpj, is the phenotypic standard deviation, 
Positive progress in recurrent selection has been reported in both self- and cross-
pollinated crops. In soybeans, various strategies of recurrent selection have increased the 
mean yields of populations. 
Fehr and Ortiz (1975) indicated that in soybeans, expected genetic gain per year from 
recurrent selection could be improved by reducing the time required to complete a cycle 
of selection. In their theoretical study, testing of Sj lines resulted in greater expected gains 
per year than either S4 line evaluation or evaluation of half-sib families. 
Kenworthy and Brim (1979) evaluated the genetic gain firom recurrent selection among 
S3 lines based on yield per se, efficiency (total seed weight to total straw weight), and an 
index based on efficiency and yield. The regression of seed yield on cycle number 
indicated that only yield per se was effective for improving the yield of the population. 
They observed a linear increase in yield of 134 ± 30 kg ha*' cycle"' when selection was 
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based on yield per se versus 38 ± 55 kg ha"' cycle"' when selection was based on an index. 
Piper and Fehr (1987) compared genetic response to five alternative strategies of 
recurrent selection in a soybean population. The strategies were a (a) one-stage yield test 
and one generation of intermating between cycles of selection, (b) one-stage yield test and 
three intermatings, (c) two-stage yield test and one intermating, (d) two-stage yield test and 
three intermatings, and (e) a conventional breeding program that utilized a two-stage yield 
test of F^-derived lines obtained firom a limited number of single crosses each cycle. The 
highest average genetic gain of 9.6 ± 1.1 g m"~ was obtained for the conventional breeding 
strategy. The genetic gain in the other strategies was 6.0 ± 1.1 g m"^ for the two-stage test 
and one intermating, 5.5 ± 1.8 g m'^ for two-stage test and three intermating, 1.8 ± 1.1 g 
m"" for one-stage test and one intermating and 0.3 ± 1.1 g m"^ for one-stage test and three 
intermatings. 
Sumamo and Fehr (1982) evaluated the response to three cycles of recurrent selection 
among F4-derived lines for seed yield in soybean. The population was divided into three 
maturity groups, early, mid-season and late. After three cycles of selection, they found a 
significant yield increase of 120 ± 10 kg ha'^ cycle"' for the mean of early parents of the 
three cycles, 24 ± 9 kg ha"' cycle"' for the late parents, but no significant change for the 
mean of the mid parents. 
No reports are available on the response to recurrent selection in soybean populations 
with different percentages of PI germplasm. 
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Explanation of Dissertation Format 
This dissertation includes two sections. Section 1 is a study on the genetic gain for 
seed yield in five soybean populations, AP10 to API4, formed with different percentages 
of Pis. Section II is an evaluation of means and genetic variances for seed yield of the CI, 
C2, C3, and C4 populations of API0 to API4. General conclusions follow after section 
II. An Appendix containing Table A1 through Table D is presented at the end of the 
dissertation. 
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SECTION 1. GENETIC GAIN FOR SEED YIELD IN SOYBEAN POPULATIONS 
WITH DIFFERENT PERCENTAGES OF PLANT INTRODUCTION 
PARENTAGE 
13 
SUMMARY 
Plant introductions (Pis) have been shown to increase the genetic variability for seed 
yield in soybean [Glycine max. (L.) Merr.] populations. The objective of this study was 
to evaluate the genetic gain for seed yield from three cycles of recurrent selection in five 
soybean populations, APIO to API4, formed with different percentages of PI parentage. 
The percentages of PI parentage were 100% in APIO, 75% in APll, 50% in AP12, 25% 
in API3, and 0% in API4. In each cycle, 200 F4-derived lines for each population were 
evaluated and the 20 highest yielding lines were chosen as parents for the next cycle. For 
this study, the 20 parents of cycles 1, 2, 3 were grown in a randomized complete-block 
design at three Iowa locations. There was a significant linear increase in seed yield for all 
populations across the three cycles. The genetic gain for seed yield was 153 kg ha"' cycle"' 
for AP14, 80 for AP13, 85 for AP12, 54 for APll, and 66 for APIO. Although AP14 was 
reported to have the lowest genetic variability in the cycle 0 population, it exhibited the 
greatest genetic gain per cycle during the three cycles of selection. The highest yielding 
line in each cycle also was obtained from AP14. The results indicated that Pis did not 
enhance the response to recurrent selection for seed yield compared with populations 
developed from only high-yieldmg adapted cultivars and experimental lines. 
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INTRODUCTION 
Recurrent selection has been used successfully to improve yield of soybeans derived 
from elite germplasm. Kenworthy and Brim (1979) reported a linear increase in yield of 
134 ± 30 kg ha"' cycle"' from selection among Sj-derived lines. Piper and Fehr (1987) 
obtained average genetic gain of up to 96 ± 11 kg ha"' cycle"' from recurrent selection 
among S2-derived lines. Sumamo and Fehr (1982) observed a significant yield increase 
of up to 120 ± 10 kg"' ha"' cycle"' during three cycles of recurrent selection among F4-
derived lines in the soybean population AP6. 
Early studies on the utilization of plant introductions (Pis) in soybean breeding 
populations indicated that the Pis increased the genetic variability for seed yield (Thome 
and Fehr, 1970). Schoener and Fehr (1979) used four Pis and four elite cultivars or 
experimental lines to develop five populations that had 100, 75, 50, 25, and 0% PI 
parentage. They found that the population with 50% PI had an acceptable mean yield and 
the largest amount of genetic variability. Velio et al. (1984) investigated the mean yields 
and genetic variability of five soybean populations, APlO to API4, that had different 
percentages of PI parentage (Fehr and Cianzio, 1981). APlO had 100% PI, APll had 75%, 
AP12 had 50%, AP13 had 25%, and AP14 had 0% PI parentage. In cycle 0 (CO), the four 
populations with PI parentage had greater genetic variance estimates and lower mean yields 
than AP14. Recurrent selection for seed yield was initiated in APlO to AP14. For each 
cycle, the 20 highest yielding lines were chosen as parents to form the next cycle of 
selection. The objective of this study was to evaluate the genetic gain for seed yield of the 
parents of the cycle 1 (CI), cycle 2 (C2) and cycle 3 (C3) of the five populations. 
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MATERIALS AND METHODS 
The five soybean populations evaluated in this study, APIO to API4, were 
developed by intermating 40 Pis and 40 high-yielding adapted cultivars (Fehr and Cianzio, 
1981). APIO had 100%, APll had 75%, AP12 had 50%, AP13 had 25% and AP14 had 
0% PI parentage. Recurrent selection was initiated in APIO to API4 in 1979. In each 
selection cycle, 200 F4.5 lines were evaluated for seed yield at two locations in Iowa with 
two replications of single hill-plots per location. After the first year of yield evaluation, 
the 60 highest-yielding lines were chosen for a second year of yield testing in two-row 
plots at three Iowa locations with two replications per location. Twenty of the 60 lines 
were chosen on the basis of their maturity and seed yield in the second year of yield 
evaluation to be parents of the population for the next cycle of selection. The parents of 
each cycle were evenly distributed in maturity between Corsoy 79 and Pella 86. 
The 20 parents of each population were mated in a partial diallel in Puerto Rico to 
obtain 60 single crosses. Fj plants were grown in Puerto Rico and Fj plants were grown 
in Ames, I A. At least 200 Fj plants of each population with maturity between 'Corsoy 79' 
and 'Pella 86' were harvested individually. The F3 and F4 progeny of each F2 plant were 
grown in Puerto Rico to obtain 200 F4-derived lines of each population. Each of the 60 
crosses of a population were represented as equally as possible in the 200 lines that were 
tested. 
In 1991, the 20 parents of each of CI, C2, and C3 for each population were grown 
in a randomized complete block-design with two replications at Ames, Winterset and 
Marshalltown, lA. The experiment was divided into 4 sets of 80 entries each. In each set. 
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there were five random parents of CI, C2, and C3 of the five populations. Plots were two 
paired rows 4.5 m long with 69 cm between rows in a plot and 1 m between rows of 
adjacent plots. The seeding rate was 270 seeds per plot. Each plot was end-trimmed before 
harvest to a length of 3.0 m. Maturity was recorded in the two replications at Ames as 
days after August 31 when 95% of the pods had reached their mature color. Lodging was 
evaluated at maturity for all plots at all locations on a scale of 1.0 (all plants erect) to 5.0 
(all plants prostate). The plots were harvested v«th a self-propelled combine and dried to 
a uniform moisture content at 38°C for three days to determine yield per plot. 
Statistical Analysis 
Data analyses for the individual locations were calculated according to the following 
linear additive model of the entry mean (Yy^n,): 
Yijkim = y.. + Si + (R/S)ij + Wk + (C/S)„ + (SW)i, + (RW/S)ijk + (GfWS),^ + 
Where y = overall mean, 
Sj = i^ set effect, 
R/Sjj = replicate effect within i^ set, 
= k* population effect, 
SWjij = k* population within set interaction, 
(C/S)[i = 1^ cycle effect within i* set, 
(RW/S)jji^ = rep by population within set interaction, 
(G/WS)iiyj, = m^ entry effect within population and set, and 
®ijkim ~ residual or experimental error. 
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The analysis of variance for a randomized-complete block across environments for 
each population was performed according to the description by Cochran and Cox (1992). 
Environments, replications, and sets were considered random effects and genotypes were 
considered a fixed effect. For seed yield and lodging score, the entries x environments 
mean squares were used to test differences among entries, and the environments x cycles 
mean squares were used to test for differences among cycles. The average rates of genetic 
gain per cycle were computed from the regression of seed yield on cycle number according 
to the method described by Steel and Torrie (1980). Percentage rate of response per cycle 
was calculated as the linear regression coefficient divided by seed yield at the Y intercept. 
Table 1 describes the analysis of variance across three envirotmients and the 
expected mean squares for each effect. K Q is the variation among the parent lines and 
o~Q£ the variation among entries x environments. The tests of significance for the effect 
of entries pooled across sets, M3 were done with an F-test and utilizing the envirormients 
X entries mean squares, Mj, as the error term. The entries x envirotunents interactions were 
tested with the pooled error mean squares (Mj). 
Standard errors of the regression coefficients were calculated in a manner similar 
to that described by Steel and Torrie (1980). The regression coefficient was also calculated 
after weighting the data for maturity, as described by Snedecor and Cochran (1994). 
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Table 1. Analysis of variance for one cycle of selection pooled across 
environments 
Source of variation df 
Mean 
squares Expected mean squares 
Environments (E) e-1 
Sets (S) s-1 
Ex S (e-l)(s-l) 
Reps (R)/S/E es(r-l) 
Populations (P) (p-1) Mg 
E X P/S (p-l)[s(e-l)] Ms 
R X P/S/E (r-l)[es(p-l)] M4 
Entries/P/S sp(g-l) M3 ^e" + + rek-G 
E X Entries/P/S (e-l)[sp(g-l)] M2 
Error (r-l)[esp(g-l)] M, 
Total esrpg-1 
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RESULTS 
The linear response due to selection for seed yield was significant for all populations 
(Table 2). Quadratic effects were not significant for any of the populations. AP14 had the 
greatest percentage response per cycle for seed yield, the highest mean yield of the parents 
of each cycle, and the highest yielding parent of each cycle. Although linear effects among 
cycles of selection was significant for all populations, there were differences among 
populations for the pattern of genetic gain across cycles (Table Al). There was a 
consistent increase in the mean yield of API0, API3, and API4 between CI and C3. For 
API 1 and API2, significant response to selection was only observed between C2 and C3. 
There was a significant linear decrease in lodging score for APIO and API3 across 
all cycles of selection (Table 3). No significant response for lodging was observed in 
APll, AP12 and AP14. 
There was an increase in the number of days to maturity from CI to C3 in all 
populations. The linear increase was significant in all populations, except API3 (Table 4). 
To determine the influence of maturity on gain from selection, the weighted least squares 
regressions were used as described by Snedecor and Cochran (1994). The genetic gain 
firom selection was slightly less based on yield adjusted for maturity compared with yields 
unadjusted for maturity (Table 2). The linear responses across cycles based on adjusted 
yields remained significant for all populations and the relative yield rankings among 
populations were the same as for unadjusted yields (Table 2). 
Table 2. Mean seed yield averagnd across three environments and the coefficients from the regression of seed yitld 
on cycle number for APIO to API4. 
Regression coefficients^-
Cycle of selection Unadiusted yield Adjusted vield^ 
Entry CI C2 C3 bg b| bg b| 
Kg ha-' % -—Kg ha'— % 
APIO Mean 2696a^ 2766a 2826a 2631 66±20** 2.5 2649 43±22** 1.6 
Range 2428-2967 2040-3176 1731-3607 
APll Mean 2809ab 2823a 2916a 2741 54±18** 2.0 2749 49±16** 1.8 
Range 2182-3156 2525-3103 2287-3465 
AP12 Mean 2857bc 2855ab 3926b 2744 85±27** 3.1 2757 79±28** 2.9 
Range 2452-3163 2508-3182 2674-3306 
AP13 Mean 2894bc 2980bc 3053b 2815 80±19** 2.8 2815 78±20** 2.8 
Range 2521-3242 2701-3431 2712-3371 
AP14 Mean 2986c 3074c 3291c 2811 153±27** 5.4 2850 135±25** 4.7 
Range 2304-3344 2295-3592 2655-3742 
** Significant at the 0.01 probability level 
^ Means within a column followed by the same letter are not significantly different at the 0.05 probability level 
^ bp is the seed yield at the y-intercept; b, is an estimate of the average rate of response per cycle expressed in Kg 
ha"' cycle"' and as a percentage 
§ Yield adjusted by maturity 
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Table 3. Mean lodging score averaged across three environments and the 
coefficients from the regression of lodging score on cycle number for 
APIO to AP14. 
Entry 
Cycle of selection Regression coefficients+ 
CI C2 C3 bo b, % 
APIO Mean 2.8a'^ 2.7a 2.5a 3.0 -0.2l±0.02** -0.7 
Range 2.2-3.1 1.8-3.3 1.5-3.1 
APll Mean 2.4b 2.5a 2.5a 2.4 0.03±0.02 1.3 
Range 1.7-3.2 1.6-3.4 1.6-3.3 
AP12 Mean 2.2bc 2.1b 2.2ab 2.2 -0.04±0.02 -1.8 
Range 1.4-3.1 1.5-3.3 1.3-3.0 
AP13 Mean 2.2c 2.1b 2.0b 2.3 -0.10±0.03** -4.3 
Range 1.5-2.9 1.4-2.9 1.5-2.4 
AP14 Mean 2.2c 2.1b 2. lab 2.3 -0.03±0.02 -1.3 
Range 1.4-3.0 1.4-2.9 1.4-2.7 
** Significant at the 0.01 probability level 
^ Means within a colnmn followed by the same letter are not significantly different 
at the 0.05 probability level 
+ bg is the lodging score at the y-intercept. bj is an estimate of the average rate of 
response per cycle expressed as a score of 1 to 5 and as a percentage 
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Table 4. Mean days to maturity and the coefficients from the regression of days to 
maturity on cycle number for AP10 to API4. 
Cycle of selection Regression coefficients^ 
Entry CI C2 C3 bo % 
APIO Mean 14a^ 15ab 17a 12 1.7±0.52** 14.2 
Range 8-26 6-22 13-24 
APll Mean 12a 13ac 16a 10 1.9±0.38* 19.0 
Range 6-18 6-21 8-24 
AP12 Mean 12a 14abc 16a 10 1.9±0.02** 19.2 
Range 6-23 4-20 8-23 
AP13 Mean 12a 13ac 14b 11 0.9±0.03 8.2 
Range 4-22 8-28 8-23 
AP14 Mean 13a 16b 15a 13 1.0±0.02** 7.7 
Range 4-23 7-21 10-26 
** Significant at the 0.01 probability level 
^ Means within a column followed by the same letter are not significantly 
different at the 0.05 probability level 
+ bo is days after August 31 at the y-intercept; bj is an estimate of the average 
rate of response per cycle expressed in days and as a percentage 
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DISCUSSION 
The greater rate of genetic gain in API4, than the other populations was not expected 
based on the genetic variance estimates for CO reported by Velio et al. (1984). They 
obtained genetic variance estimates of 6.5 x 10"^ for APIO, 5.5 x 10"^ for APll, 6.0 x 10^ 
for API2, 7.3 x lO'^ for API3 and 3.1 x 10"^ for API4. They suggested that the rate of 
genetic improvement for recurrent selection in APIO to API3 may be greater than in API4 
because of the greater genetic variability in the four populations. My results indicated that 
the lower genetic variance in the CO of API4 did not negatively influence response from 
selection. The use of Pis to increase the rate of genetic improvement for seed yield in 
soybeans was not effective based on three cycles of recurrent selection. The results 
indicated that selection from populations developed with elite parents continues to be the 
most effective method for development of higher yielding cultivars. 
Additional cycles of selection will be conducted in APIO to API4 to determine if the 
superiority of API4 will persist. The genetic variability in the five populations after three 
cycles of selection will be evaluated as a means of predicting the potential for genetic gain 
in the fiiture. 
The parents of each cycle were selected to be evenly distributed in maturity between 
Corsoy 79 and Pella 86. Nevertheless, the mean maturity of the populations became later 
during recurrent selection. The tendency of soybean populations to become later during 
recurrent selection was noted by Sumamo and Fehr (1982) with recurrent selection for seed 
yield and by Miller and Fehr (1979) with recurrent selection for protein percentage. 
Continued emphasis needs to be placed on the selection of early maturing parents in the 
fiiture cycles of selection. 
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SECTION 11. GENETIC VARIABILITY FOR SEED YIELD IN SOYBEAN 
POPULATIONS WITH DIFFERENT PERCENTAGES OF PLANT 
INTRODUCTION PARENTAGE 
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SUMMARY 
The objective of the study was to compare the genetic variability in five soybean 
populations, APIO to API4, formed with different percentages of PI parentage. The 
percentage of PI parentage were 100% in APIO, 75% in APll, 50% in AP12. 25% in 
AP13 and 0% in AP14. In each of four cycles of selection, 90 F4-derived lines were 
evaluated for seed yield in hill plots at two locations. API4 had the highest yield and the 
highest firequency of high-yielding lines in all cycles of selection. The genetic variance 
estimates for API4 were lower than that of APll and APIS in CI and C4 but were not 
different from that of the other populations in C2 and C3. The results indicated that the 
use of Pis did not provide greater genetic variability for seed yield when recurrent selection 
was conducted for multiple cycles. 
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INTRODUCTION 
Plant introductions have been used to increase genetic variability in soybean 
populations (Schoener and Fehr, 1979; Velio et al. 1984). Schoener and Fehr (1979) 
showed that a soybean population developed from only elite lines had less genetic 
variability for seed yield thzin populations that had some PI parentage. Fehr and Cianzio 
(1981) developed five soybean populations, APIO to API4, from 40 Pis and 40 adapted 
cultivars and experimental lines to asses the value of Pis for seed yield improvement. 
APIO had 100% PI germplasm, APll had 75%, API2 had 50%, API3 had 25%, and API4 
had 0%. A recent study by Ininda et al. (1995) has shown that recurrent selection for seed 
yield during three cycles of selection among S2-derived lines in API4 was more effective 
for development of high yielding lines than selection in APIO to API3. The success of a 
recurrent selection program is determined by evaluating the improvement in the mean of 
the target population, as well as the best individuals in the population. In addition, a 
recurrent selection program should maintain genetic variability for the trait of interest to 
enhance the improvement in future cycles of selection. The cycle 0 (CO) populations for 
APIO to API4 were studied by Velio et al. (1984). The populations with PI parentage had 
twice the genetic variability of API4. The five populations have undergone four cycles of 
recurrent selection. The objective of this study was to determine if changes in genetic 
variability have occurred in the CI, C2, C3, and C4 populations of APIO to AP14. 
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MATERIALS AND METHODS 
Experimental Design 
Five soybean populations, AP10 to API4, described by Ininda et al. (1995) were used 
in four experiments. Each experiment consisted of 90 random F^-derived lines of cycle 1 
(CI) grown in 1984, of cycle 2 (C2) in 1987, of cycle 3 (C3) in 1990, and of cycle 4 (C4) 
in 1994. Each experiment was grown in a randomized complete-block design with two 
replications at two locations near Ames, lA. One location was at the Agricultural 
Engineering and Agronomy Research Center and the second location was at the Burkey 
Farm. The locations were approximately two miles apart on land owned by Iowa State 
University. The plots were single hills spaced 1 m x 1 m. The seeding rate was 9 to 12 
seeds per hill. 
The experiments for the C2, C3, and C4 were divided into nine sets of 50 entries each. 
In each set, there were 10 random lines of each of the five populations and five checks. 
For the CI experiments, there were 5 sets with 20 random lines of each of the five 
populations in four sets and 10 random lines in the fifth set. 
Seed yield and maturity were measured for all plots of the four experiments. Maturity 
was recorded as days after August 31 when 95% of the pods had reached their mature 
color. Lodging and stand count were measured for all plots in C4 only. Lodging was 
evaluated at maturity on a scale of 1.0 (all plants erect) to 5.0 (all plants prostate). Stand 
count was determined at maturity. For each experiment, the plots were cut by hand, 
threshed, and dried to a uniform moisture content at 38°C for three days to determine yield 
per plot. 
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Data Analysis 
For each cycle, the data were analyzed with the following model combined across 
environments; 
Yjj = y.. + Ej + Gj + (GE)jj + ejj 
where 
Yjj = mean for the j*'' entry in the i*'' environment; 
y = overall mean; 
Ej = effect of the i^'' environment i=l to 2; 
Gj = effect of genotype j=l to 90; 
(GE)jj = effect of the interaction between the j*'' genotype and the i^^ environment; and 
ey = random error 
Table 5 shows the expected mean squares for the sources of variation presented in the 
model. The genetic variance components for each population were calculated as follows: 
Error variance (cr^g) = Mj 
Genotype x environment variance (<^ge) ~ (^2 - M,)/r 
Genetic variance (^g) ~ (^3' 
where, 
Mj = error mean square; 
M2 = entries x environments mean square; 
M3 = entries mean square; 
r = number of replications per environment, and 
e = number of environments. 
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The standard errors of the genetic variance components were estimated as the square roots 
of the following (Hallauer and Miranda, 1995). 
Var (cr^) = /(df^ - 2) 
Var (cTQg) = (2/r){[M22/(dfGE + 2)] + [M,-/(df, + 2)]}; and, 
Var (cr^o) = (2/re){[M32/(dfG + 2)] + [M2-/(dfGE + 2)]}; 
where, 
dfg = degrees of freedom associated with M, 
df^E = degrees of freedom associated with M2 
dfQ = degrees of freedom associated with M3 
Table 5. Analysis of variance for each cycle of selection for entries within populations pooled across sets 
and combined across environments. 
Source of variation df Mean squares Expected mean squares 
Environments (E) e-1 
Sets (S) s-1 
E X S (e-l)(s-l) 
Reps/E/S es(r-l) 
Populations p-1 My a^g+ga^Q£+gCT^3+grCT^GP+grea^SP+grseK^P 
S X P (s-l)(p-l) M6 
E X P/S (e-l)[s(p-l)] M5 
Reps X P/S/E (r-l)es(p-l) M4 
Entries/P/S sp(g-l) M3 «^^+'"a2Qg+rea2Q 
Entries/S-APlO s(g-l) M3A a^g+ra^Q£+rea^Q-AP 10 
Entries/S-APl 1 s(g-l) M3B a^g+ra^Qg+rea^Q-APl 1 
Entries/S-AP12 s(g-l) M3C a^g+ra^QJ7+reCT^Q-AP 12 
Entries/S-AP13 s(g-l) ^3D a^g+ra^QG+rea^Q-AP 13 
Entries/S-AP14 s(g-l) a^g+ra^QG+rea^Q-AP14 
E X Entries/P/S s(g-l)(e-l) M2 
E X Entries/S-APIO s(g-l)(e-l) M2A ®Vr<^^GE-AP10 
E X Entries/S-APl 1 s(g-l)(e-l) MJB 
E X Entries/S-APl2 s(g-l)(e-l) Mjc OV'"®^GE-AP12 
E X Entries/S-APl3 s(g-l)(e-l) ^2D 
E X Entries/S-APl4 s(g-l)(e-l) M2E «^V'"^^GE-AP14 
Pooled Error (r-l)[esp(g-l)] M, 
Total esroa-l 
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RESULTS 
There were significant differences among populations for mean seed yield in all cycles 
of selection. In every cycle of selection, API4 had the highest mean yield, the highest 
yielding line, and the highest frequency of lines above the overall mean (Tables 6, 8 to 11). 
Entries within a population were significantly different for all populations in all cycles of 
selection (Table B1 to B4). Entry x environments interactions were significant for AP14 
in CI, APIO and AP14 in C3, and AP12 and AP14 in C4. 
There was no consistent pattern among populations for the relative magnitude of the 
genetic variance estimates across cycles of selection. Similar genetic variance estimates 
were observed for AP12 and AP14 in all cycles except cycle 2, and those for APll and 
APIS in all cycles except in C3 (Table 6). APIO had lower genetic variances than APll 
in C4 (Table 6). The 90 Imes from each population in each cycle were selected for 
maturity between Pella 86 and Corsoy 79. Therefore, no differences in mean maturity were 
detected and the distribution of lines for maturity was similar in all the populations for the 
four cycles (Table 7 and Table D). Lodging scores recorded for C4 did not show 
significant differences among populations (Table 7 and Table C). 
32 
Table 6. Mean, range, and genetic variance components for seed yield in Cycle 
1 through Cycle 4 for API0 to API4. 
Seed yield Variance components 
Population Mean Range 
'y 
°^GE 
0 
Cvcle 1 V 10^—-Kg na 
APIO 2095a^ 1275-2552 26.3 ± 8.4 12.1 ± 8.9 70.4 ± 7.6 
APll 2078a 1502-2825 33.2 ± 9.5 3.8 ± 10.1 90.0 ± 9.7 
API2 2317b 1717-2798 18.1 ± 9.7 15.6 ± 6.8 110.0 ± 11.9 
API 3 2259c 1605-2943 28.4 ± 9.2 9.4 ± 10.1 85.2 ± 9.2 
AP14 2425d 1498-2943 18.3 ± 8.3 33.9 ± 5.9 77.5 ± 8.4 
SE 20.6^ 
Cvcle 2 
APIO 2279a 1570-3047 43.8 ± 17.3 26.1 ± 21.9 168.1 ± 19.4 
APll 2193a 1247-3020 47.6 ± 16.8 -17.0 ± 20.4 232.0 ± 26.4 
AP12 2453b 1316-3290 52.4 ± 19.3 4.7 ± 22.4 226.7 ± 25.9 
AP13 2561c 1797-3452 58.1 ± 19.7 -33.7 ± 24.1 292.7 ± 32.9 
AP14 2673d 1710-3523 62.8 ± 21.9 -23.6 ± 26.6 303.7 ± 34.7 
SE 30.4 
Cvcle 3 
APIO 2310a 1467-3120 54.8 ± 17.3 18.4 ± 9.8 84.1 ± 19.3 
APll 2240b 1393-3005 68.8 ± 16.7 1.5 ± 20.3 115.9 ± 26.4 
AP12 2279a 1588-3233 74.1 ± 19.3 -15.6 ±22.4 105.6 ± 26.0 
AP13 2405c 1690-3283 55.2 ± 19.7 11.7 ± 24.1 109.7 ± 32.9 
AP14 2517d 1650-3308 73.0 ± 21.8 24.0 ± 26.6 111.8 ± 24.6 
SE 23.7 
Cvcle 4 
APIO 2597a 1805-3461 92.6 ± 24.0 6.1 ± 19.5 200.4 ± 22.2 
APll 2709a 1761-3845 155.6 ± 32.3 -7.2 ± 26.6 206.7 ± 22.9 
AP12 2643a 1853-3948 107.7 ± 25.3 23.6 ± 17.3 154.1 ± 17.4 
AP13 2833b 2030-4031 170.9 ± 34.4 -25.6 ± 27.4 236.0 ± 26.1 
AP14 2995c 2090-4136 102.2 ± 30.3 44.9 ± 26.5 215.7 ± 23.4 
SE 24.0 
^ Means followed by the same letter were not significantly different based on a t-
test (p=0.05) 
+ SE of a population mean calculated as (MSE/n)"''^, where n = 360 
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Table 7. Means and range for days to maturity and lodging score 
in Cycle 4 for APIO to AP14. 
Maturity Lodging 
Population Mean Range Mean Range 
-days after August 31- score-
APIO 18.1^ 9.5-24 2.3^ 1.3-4.8 
APll 17.6 9.5-24 2.3 1.4-4.0 
AP12 17.9 13.0-23 2.1 1.2-4.0 
AP13 18.6 13.0-23 2.1 1.4-3.0 
AP14 17.5 13.0-23 2.3 1.4-4.0 
+ Mean days to maturity and mean lodging scores among 
populations were not significantly different at the 0.05 
probability level 
Table 8. Distribution of 90 random lines of each population in cycle 1 for seed yield 
relative to the overall mean. 
Standard deviation 
Population 
-1.0 
or less 
>-1.0 
to -0.5 
>-0.5 
to 0.0 
0.0 
to 0.5 
>0.5 
to 1.0 
>1.0 
to 1.5 
>1.5 
to 2.0 >2.0 
APIO 9 21 37 16 7 
APll 8 31 32 12 16 1 
AP12 1 10 23 28 23 5 
AP13 2 9 36 26 12 3 2 
AP14 2 3 8 36 29 10 2 
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Table 9. Distribution of 90 random lines of each population in cycle 2 for seed yield 
relative to the overall mean. 
Standard deviation 
Population 
-1.0 
or less 
>-1.0 
to -0.5 
>-0.5 
to 0.0 
0.0 
to 0.5 
>0.5 
to 1.0 
>1.0 
to 1.5 
>1.5 
to 2.0 >2.0 
APIO 8 21 37 17 7 
APll 9 27 33 19 2 
AP12 3 8 43 16 14 6 
APIS 1 11 22 27 21 6 2 
AP14 2 5 17 29 23 13 1 
Table 10. Distribution of 90 random lines of each population in cycle 3 
relative to the overall mean. 
for seed yield 
Standard deviation 
Population 
-1.0 
or less 
>-1.0 
to -0.5 
>-0.5 
to 0.0 
0.0 
to 0.5 
>0.5 
to 1.0 
>1.0 
to 1.5 
>1.5 
to 2.0 >2.0 
APIO 6 22 21 24 15 1 1 
APll 14 19 21 25 6 5 
AP12 11 17 29 20 10 1 2 
AP13 5 8 24 31 16 4 1 1 
AP14 2 12 19 20 19 10 7 1 
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Table 11. Distribution of 90 random lines of each population in cycle 4 for 
seed yield relative to the overall mean. 
Standard deviation 
Population 
-1.0 
or less 
>-1.0 
to -0.5 
>-0.5 
to 0.0 
0.0 
to 0.5 
>0.5 
to 1.0 
>1.0 
to 1.5 
>1.5 
to 2.0 >2.0 
APIO 11 18 34 15 10 2 
APll 9 20 19 22 13 6 1 
AP12 7 21 31 19 6 5 1 
AP13 3 17 19 22 20 8 1 
AP14 2 8 13 25 29 7 5 2 
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DISCUSSION 
The relative amounts of genetic variability in API0 to API4 from CI to C4 were not 
the same as reported for the CO populations by Velio et al. (1984). They obtained genetic 
variance estimates for seed yield of 6.5 x 10^ for APIO, 5.5 x lO'* for APll, 6.0 x 10^ for 
AP12, 7.3 X 10"^ for AP13 and 3.1 x 10^ for AP14. The genetic variance estimate in CO 
for API4 was about half of that observed for the other populations. In my study the 
estimates for API4 were similar to at least one other population in CI through C4. 
One possible explanation for the change in the relative magnitude of the genetic 
variance estimate for API4 compared with the other populations is that the genetic variance 
for API4 remained constant, while selection tended to decrease the genetic variance in 
populations with PI parentage. Based on the results obtained of Ininda et al. (1995), there 
is no evidence that genetic variances for seed yield decreased during selection, because 
significant genetic gain was observed for all populations for each cycle of selection. 
During recurrent selection, the best parents are selected based on yield and maturity. 
API4 already had favorable alleles for high yield in the CO because it was formed by 
crosses between elite x elite parents. As selection progressed, the frequency of favorable 
alleles for yield in populations with PI parentage was limited to the 20 superior lines that 
were used as parents in each cycle of selection. Consequently, the genetic variances of all 
populations may become similar and change at about same rate. 
The experiments used to estimate genetic variances were conducted at two locations 
that were only two miles apart. It may be possible that the estimates of genotype x 
environment effects may have been more precise if the lines were tested in more diverse 
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environments. The genetic variance estimates were obtained from hill plot data and large 
standard errors were observed for all estimates. To obtain more satisfactory estimates of 
genetic variances, about 100 random lines from each population in each cycle of selection 
should be evaluated. The experiment should be grown in at least three diverse 
environments, preferably in different years. 
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GENERAL CONCLUSION 
Plant introductions (Pis) had been shown to increase the genetic variability for seed 
yield in soybean populations. The objectives of this study were to ev2iluate (a) genetic 
gain for seed yield in the cycle 1 (CI), cycle 2 (C2), and cycle 3 (C3) of API0 to API4 
and (b) the mean seed yield and genetic variability in CI, C2, C3, and cycle 4 (C4) of the 
five populations. There was a significant linear increase in seed yield in all populations 
across the three cycles. The gain in selection for seed yield was 153 kg ha"' cycle"' for 
AP14. 80 for AP13, 85 for AP12, 54 for APll, and 66 for APIO. Although AP14 was 
reported to have the lowest genetic variability in the cycle 0 population, it exhibited the 
greatest genetic gain per cycle during the three cycles of selection. The highest yielding 
line in each cycle was also from API4. The results indicated that Pis did not enhance the 
response to recurrent selection for seed yield compared with populations developed from 
only high-yielding cultivars and experimental lines. 
When genetic variances for the five populations were compared in each of the four 
cycles of selection, the genetic variance estimates for API4 were lower than that of API 1 
and API3 in CI and C4, but were not different from that of the other populations in C2 
and C3. The results indicated that the use of Pis did not provide greater variability for seed 
yield when recurrent selection was conducted for multiple cycles. 
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APPENDIX 
Table Al. Combined analysis of variance among and within cycles of selection for 
cycle parents of API0 to A? 14. 
Mean squares 
Seed 
Source of variation df yield^ Maturity Lodging 
APIO 
Cycles 2 515305* 122.2** 6.14** 
Among Cycles contrasts 
CI vs (C2,C3) 1 812294** 121.8* 5.00** 
C2 vs C3 1 218316 122.5* 7.28** 
Entries/Cycles/Sets 48 391867** 22.4** 0.79** 
Entries/Sets-Cl 16 89696 19.9 0.38** 
Entries/Sets-C2 16 378995** 24.2* 0.67** 
Entries/Sets-C2 16 706911** 23.1** 1.33** 
APll 
Cycles 2 138043 121.5** 0.19 
Among Cycles Contrasts 
CI vs (C2,C3) 1 167486 94.5** 0.29 
C2 vs C3 1 108600** 148.5** 0.08 
Entries/Cycles/Sets 48 463133** 21.7** 0.95** 
Entries/Sets-Cl 16 607249 6.9 1.51** 
Entries/Sets-C2 16 483154 13.3* 0.95* 
Entries/Sets-C2 16 317012** 14.2** 0.46** 
^ Seed yield measured in Kg ha"', maturity in days, and lodging is a score of 1 
^ to 5 
*,** Significant at 0.05 and 0.01 probability level, respectively 
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Table A1 (continued'). 
Mean squares 
Source of variation df Seed vield^ Maturity Lodging 
AP12 
Cycles 2 1161814* 147.4** 0.33 
Among Cycles Contrasts 
CI vs (C2,C3) 1 560299 182.0* 0.64* 
C2 vs C3 1 173329** 112.8* 0.03 
Entries/Cycles/Sets 48 201151* 19.1** 1.01** 
Entries/Sets-Cl 16 231254* 17.0** 0.88** 
Entries/Sets-C2 16 198236 22.8* 0.80** 
Entries/Sets-C2 16 173962 17.7** 1.33** 
API 3 
Cycles 2 760356** 37.2 1.17 
Among Cycles Contrasts 
CI vs (C2,C3) 1 1176359** 51.3 1.96 
C2 vs C3 1 344351 23.1 0.38 
Entries/Cycles/Sets 48 235994** 26.5** 0.66** 
Entries/Sets-Cl 16 335371** 24.5** 0.56** 
Entries/Sets-C2 16 181448 34.8** 1.03** 
Entries/Sets-C2 16 185518* 20.4* 0.36 
AP14 
Cycles 2 2963155** 70.6* 0.16 
Among Cycles Contrasts 
CI vs (C2,C3) 1 309676** 138.0* 0.30 
C2 vs C3 1 2829334** 3.2 0.03 
Entries/Cycles/Sets 48 405106** 21.5** 0.68** 
Entries/Sets-Cl 16 412006* 22.8** 0.44** 
Entries/Sets-C2 16 415565 16.6 1.03** 
Entries/Sets-C2 16 387746** 25.2 0.60** 
^ Seed yield is measured in Kg ha"', maturity in days, and lodging is a score of 
1 to 5 
, Significant at the 0.05 and 0.01 probability level, respectively 
Table A2. Combined analysis of variance for seed yield (Kg ha"') of cycle parents of APIO to AP14 combined over 
environments. 
Population 
Source of variation df APIO APll AP12 AP13 AP14 
Environments 2 3475366** 4011646** 4277412 4087082** 9652012* 
Sets (S) 3 1680019 665848** 21800 610702 1105600 
E X S 6 708046** 275217 225739 443440 1040544 
Reps/S/E 12 144470** 245707** 336448 280553 591714 
Cycles/S 8 506471** 398260** 484822** 303271** 833064** 
Linear/S 4 803926** 749415** 648284** 544136** 1404088** 
LoF/S 4 209015 47979 321358 62405 262040 
E X Cycles/S 16 92777 70041 175500 90588 170351 
Entries/Cycles/S 481" 391867** 231676** 201151** 235995** 405106** 
E X Entries/Cycles/S 96 87008* 62485 131013** 123293* 214264** 
Pooled Error 168 580079 70220 68810 86368 112407 
^ Degrees of freedom are 46 for Entries and 94 for E x Entries/Cycles/S in API 1 
*,** Significant at the 0.01, 0.05 probability level, respectively 
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Table A3. Combined analysis of variance for lodging of cycle parents of 
APIO to A? 14 combined over environments. 
Population 
Source of variation df APIO APll AP12 API 3 AP14 
Environments 2 6.30** 6.93** 6.70 11.32 9.11 
Sets (S) J 1.40 0.59 2.45 0.82 1.25 
E X S 6 0.51** 0.23 0.53 0.37 0.09 
Reps/S/E 12 0.54** 0.58** 0.37 0.35 0.38 
Cycles 2 6.14** 0.19 0.33 1.17* 0.16 
Linear 1 10.80** 0.11 0.38 2 3** 0.20 
LoF 1 1 49** 0.29 0.29 0.03 0.17 
Sets X Cycles 6 0.25 3 gg** 0.90 0.60* 1.62 
E X Cycles/S 16 0.19 0.29 0.14 0.21** 0.23** 
Reps X Cycles/S 24 0.10 0.17 0.19 0.15 0.07 
Entries/Cycles/S 48 0.80** 0.95** 1.01 0.66** 0.69* 
E X Entries/Cycles/S 96^ 0.21* 0.26* 0.20 0.20 0.15* 
Pooled Error 144 0.12 0.18 0.09 0.22 0.10 
^ Degrees of freedom is 46 for Entries and 94 for E x Entry/Cycles/S for 
APll 
*,** Significant at the 0.05 and 0.01 probability level, respectively 
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Table A4. Combined analysis of variance for maturity of cycle parents of APIO 
to A? 14 in Ames. 
Source of variation df 
Population 
APIO APll AP12 AP13 AP14 
Sets (S) J 344.0** 329.5** 464.2** 284.8* 327.7* 
Reps/S 4 13.9 9.3 12.8 17.1 5.8 
Cycles 2 122.2* 121.5 147.4 37.2 70.6 
Linear 1 227.8* 221.3** 288.8* 74.1 86.1 
LoF 1 16.5 27.8 6.0 0.3 55.1 
S X Cycles 6 17.5 6.9 28.0 41.0 23.6 
Entries/Cycles/S 48 22.4 11.7 19.2** 26.5** 21.5* 
Reps X Cycles/S 8 3.3 8.6 8.2 7.2 13.9 
Pooled Error 48 9.0 4.3 5.4 5.4 6.9 
^/^Significant at the 0.05 and 0.01 probability level, respectively 
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Table Bl. Analysis of variance for seed yield (kg ha'') in 
cycle 1 for APIO to API4 combined over locations. 
Source of variation df Mean squares 
Environments 1 31241227** 
Sets (S) 4 180575** 
E X S 4 1054573** 
Reps/E/S 10 2557542** 
Populations (?) 4 6938491** 
S X P 16 110429 
E X P/S 20 143237 
Reps X P/S/E 40 96574 
Entries/P/S 425 21533** 
Entries/S-APlO 85 19576** 
Entries/S-APl 1 85 23077** 
Entries/S-AP12 85 21307* 
Entries/S-AP13 85 21779** 
Entries/S-AP14 85 21925* 
E X Entries/P/S 425 11642 
E X Entries/S-APIO 85 9442 
E X Entries/S-APll 85 9765 
E X Entries/S-AP12 85 14116 
E X Entries/S-AP13 85 10400 
E X Entries/S-AP14 85 14490** 
Pooled error 847 8662 
*,** Significant at the 0.05 and 0.01 probability level, 
respectively 
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Table B2. Analysis of variance for seed yield (kg ha"') in 
cycle 2 for AP10 to API4 combined over locations. 
Source of variation df Mean squares 
Environments 1 5097515 
Sets (S) 8 3812485 
E X S 8 4054405 
Reps/E/S 18 5234679 
Populations (P) 4 12814104** 
S X P 32 407032 
E X P/S 36 335016 
Reps X P/S/E 72 3306310 
Entries/P/S 405 427706 
Entries/S-APlO 81 375328** 
Entries/S-APl 1 81 377167** 
Entries/S-AP12 81 427660** 
Entries/S-AP13 81 459835** 
Entries/S-AP14 81 498540** 
E X Entries/P/S 405 227701 
E X Entries/S-APIO 81 218571 
E X Entries/S-APll 81 199138 
E X Entries/S-AP12 81 235649 
E X Entries/S-AP13 81 226685 
E X Entries/S-AP14 81 258461 
Pooled error 760 245166 
*,**Significant at 0.05 and 0.01 probability level, respectively 
50 
Table B3. Analysis of variance for seed yield (kg ha"') in 
cycle 3 for API0 to API4 combined over locations. 
Source of variation df Mean squares 
Environments 1 2915289 
Sets (S) 8 2188734 
E X S 8 1668495 
Reps/E/S 18 994855 
Populations (P) 4 4443761** 
S X P 32 409517 
E X P/S 36 204566 
Reps X P/S/E 72 126709 
Entries/P/S 405 365739 
Entries/S-APlO 81 338301** 
Entries/S-APl 1 81 338182** 
Entries/S-AP12 81 366166** 
Entries/S-AP13 81 357217** 
Entries/S-AP14 81 428828** 
E X Entries/P/S 405 121227 
E X Entries/S-APIO 81 120674* 
E X Entries/S-APl 1 81 118893 
E X Entries/S-APl2 81 74992 
E X Entries/S-APl3 81 132626 
E X Entries/S-APl4 81 158951* 
Pooled error 789 105365 
'/"significant at 0.05 and 0.01 probability level, respectively 
51 
Table B4. Analysis of variance for seed yield (kg ha"') in 
cycle 4 for APIO to API4 combined over locations. 
Source of variation df Mean squares 
Environments 1 2464200 
Sets (S) 8 640018 
E X S 8 774295 
Reps/E/S 18 512965 
Populations (P) 4 9258325** 
S X P 32 397238 
E X P/S 36 278618 
Reps X P/S/E 72 248868 
Entries/P/S 405 719766 
Entries/S-APlO 81 580984** 
Entries/S-APl 1 81 810899** 
Entries/S-AP12 81 619842** 
Entries/S-AP13 81 868480** 
Entries/S-AP14 81 718618** 
E X Entries/P/S 405 218897 
E X Entries/S-APIO 81 212648 
E X Entries/S-APl 1 81 192157 
E X Entries/S-APl2 81 200037* 
E X Entries/S-APl3 81 184826 
E X Entries/S-APl4 81 304819** 
Pooled error 798 202926 
'/^Significant at 0.05 and 0.01 probability level, respectively 
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Table C. Analysis of variance for lodging in cycle 4 for API0 to API4 combined 
over two locations. 
Population 
Mean squares 
Source of variation df APIO APll AP12 AP13 AP14 
Environment (E) 1 236.8* 388.5 293.1 108.9* 7.2 
Sets (S) 8 141.5 243.0 79.4 70.1* 112.6 
Ex S 8 59.5* 124.6** 94.0** 22.1 39.5 
Reps/E/S 18 35.4 42.5 28.7 49.3 73.0 
Entries/S 81 115.4** 122.7** 96.7 72.1** 4** 
E X Entries/S 81 44.8* 36.7 28.0 35.8 36.0 
Error 162+ 33.6 33.3 35.92 35.6 39.1 
^ Error df was 158 for AP12 and 161 for AP14 
, ** Significant at 0.05 and 0.01 probability level, respectively 
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Table D. Analysis of variance for maturity in cycle 4 in APIO to AP14 
combined over two locations. 
Population 
Mean Squares 
Source of variation df APIO APll AP12 AP13 AP14 
Environments (E) 1 434.1** 374.8** 387.4 695.8 491.5** 
Sets (S) 8 23.0** 65.7 23.8 37.8 30.7 
E X S 8 5.7 27.2* 13.4 9.3 14.1 
Reps/E/S 18 13.5 8.9 11.2 5.7 12.2 
Entries/S 81 29.0** 25.1** 27.7** 31.1** 33.4** 
E X Entries/S 79 12.0 10.1 9.3 11.8 10.1 
Error 156^ 9.6 13.8 9.2 11.1 10.2 
Error df was 156 for APIO, 162 for APll, 153 for AP13, 160 for AP13 
and AP14 
Significant at 0.05 and 0.01 probability level, respectively 
